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Paraneoplastic Syndromes
DAVID C. STOLINSKY, MD, Los Angeles

Neoplasms can produce a variety of remote effects on the host; these are

referred to as paraneoplastic syndromes. The syndromes may affect any of
the systems of the body, may precede or follow the diagnosis of the under-
lying neoplasm, and may or may not parallel the course of the neoplasm in
severity. The diagnosis of and therapy for these syndromes can be challenging
to a physician, but successful therapy may bring about worthwhile relief for
the patient. In addition, the syndromes and the substances that cause them are

sometimes useful in diagnosing and in following the course of certain neo-

plasms. Perhaps of greater importance, study of these remote effects of
neoplasia may shed light on the nature of the neoplastic process itself.

TFIE RECOGNITION that neoplasms can produce
remote effects on the host is not recent. It is over
a century since Trousseau described recurrent
thrombophlebitis in association with his own gas-
tric carcinoma. However, over the past decade
there has been increasing interest in these phe-
nomena. Initially, these remote effects of neo-
plasia were thought to be uncommon, as indeed
some are; others, however, are now known to be
of frequent occurrence. The term paraneoplastic
syndromes is used here as synonymous with re-
mote effects of neoplasia. In some instances the
syndrome has been ascribed to production of a
hormone by the tumor; in other instances the
mechanism remains obscure.

These syndromes are important for several
reasons. First, they occasionally aid in the early
diagnosis of the neoplasm. Second, the syndromes
have aided in the discovery that many (and per-
haps most) neoplasms produce hormones or other
substances that can be used as tumor markers.'
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These markers are of increasing use in early diag-
nosis and in following the course of neoplasms
during therapy. Third, the syndromes often pro-
vide the opportunity for meaningful symptomatic
relief, whether or not the neoplasm itself can be
successfully treated. Fourth, and perhaps most
important, the syndromes have heuristic value. If
we understood the precise mechanisms whereby
neoplasms produce these remote effects, we would
be closer to understanding the nature of the neo-
plastic process itself.

For further data and references, the reader is
referred to the monograph by Waldenstrom2 and
that edited by Hall,' as well as recent reviews.' 4-9

Endocrine Disorders
Perhaps the most secure method of document-

ing the production of a hormone by a neoplasm
is to show such production in a cell culture. Al-
most equal in certainty is the finding of an arterio-
venous increase in concentration of the hormone
in vessels supplying the neoplasm. Immunochemi-
cal or histochemical localization of the hormone
in the neoplasm is useful but does not prove
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production as opposed to storage. A greater con-

centration of the hormone in the neoplasm than
in the adjacent tissue helps to rule out the latter
as the source of the hormone. Less certain still
is the finding of an elevated level of circulating
hormone in the presence of a neoplasm derived
from a tissue that does not normally produce -that
hormone; here, there may be a coexisting ade-
noma of the gland which normally produces the
hormone. Subsidence of the syndrome and of
the elevated circulating hormone level following
resection of a neoplasm is frequently the only
available evidence of hormone production by the
neoplasm, but these findings do not rule out
production by adjacent tissue removed with the
neoplasm. Recurrence of the syndrome and of
the elevated hormone level in association with
distant metastases provides better evidence.

These criteria should be kept in mind when
one reads reports of the putative paraneoplastic
syndromes. Recent reviews have examined the
degree to which the criteria have been met in
reports of hormone production by neoplasms."'59
In general, bioassay of hormones is relatively in-
sensitive but correlates well with clinical effects.
Immunoassay is more sensitive but may measure

biologically inactive prohormones or hormone
fragments as well as active hormones, all of which
may be produced by neoplasms.4 Among the pro-
hormones only progastrin has noteworthy biologic
activity.4 The term ectopic is used to describe
production of a substance by a neoplasm derived
from a tissue which is not believed to produce
that substance under normal conditions.

Cushing Syndrome*
In 1928, before Cushing's description of the

syndrome that bears his name, Brown reported
weakness, hyperpigmentation, hirsutism, truncal
obesity, edema, hypertension and hyperglycemia
in a woman with small cell carcinoma of the lung.

*The WESTERN JOURNAL'S style regarding eponyms is that they
are not written in the possessive form; therefore, Graves disease,
Ewing sarcoma and Paget disease. An explanation may be found
on page 78 of the July 1978 issue.

Bilateral adrenocortical hyperplasia was noted at
autopsy. Since then more than 200 cases have
been reported of hypercorticism associated with
nonadrenal and nonpituitary neoplasms. Most
have been small cell carcinomas of the lung,18,10-12
with occasional cases of lung cancer of other cell
types" as well as bronchial carcinoids."1 In addi-
tion, there have been scattered cases of malignant
epithelial thymoma, islet cell carcinoma, small
cell carcinoma of other sites, carcinoids of other
sites, and carcinomas of the larynx"1 and salivary
glands, medullary thyroid carcinoma,2 ovarian
carcinoma,2 pheochromocytoma,'i and possibly
other neoplasms. Most of these neoplasms are
of the amine precursor uptake and decarboxyla-
tion (APUD) series (see below).2 It has been
estimated that 15 percent of patients with Cush-
ing syndrome have nonadrenal and nonpituitary
neoplasms.
The clinical features2.458"11 of hypercorticism

associated with nonadrenal and nonpituitary neo-
plasms usually do not include a cushingoid fat
distribution, probably because of the brevity of
survival and the cachexia which accompanies most
cases. Hyperpigmentation is seen in 23 percent,
hypertension in 36 percent, edema in 30 percent,
fasting hyperglycemia in 38 percent, and im-
paired glucose tolerance in 93 percent of cases."
A hypokalemic alkalosis is present in 72 percent
and can be of life-threatening severity." Labora-
tory findings2'451.8"l1 include substantially elevated
plasma cortisol levels, as well as elevation of
urinary 17-hydroxycorticoid and (in 33 percent)
17-ketosteroid excretion. The latter may be asso-
ciated with masculinization in female patients.
Diurnal variation in steroid production is absent.
Hypernatremia is an occasional finding.

The syndrome is due to production of adreno-
corticotropic hormone (ACTH)4 by the neoplasm
which causes adrenal cortical hyperplasia with
excessive production of glucocorticoids, mineralo-
corticoids and androgens. Plasma ACTH levels are
usually higher than are seen with overproduction
of ACTH by the pituitary.4 Selective venous sam-
pling can confirm the site of ACTH production but
is rarely necessary.14 In addition to ACTH, most
and perhaps all of these neoplasms also produce
"big" or pro-AcTH,4 which has little biologic
activity. An uncertain percent of these neoplasms
also produce corticotropin-releasing hormone
(CRH), which stimulates the pituitary to produce
more ACTH."""' It is possible that these CRH-
producing neoplasms, particularly bronchial car-
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cinoids, include the rare cases in which dexa-
methasone will partially suppress4 or metyrapone
will increase 1 7-hydroxycorticoid excretion. In
most patients, neither dexamethasone nor metyra-
pone will affect steroid excretion." The hyper-
pigmentation has been ascribed to ACTH and to
B-melanocyte-stimulating hormone (P--MsH), al-
though p-MSH may be an artifact; the compound
measured by immunoassay is probably 8-lipotro-
pin.1 4 Nonetheless, hyperpigmentation is import-
ant clinically, in that its presence in association
with hypercorticism almost always indicates that
the syndrome is due to ACTH production (by a
pituitary or other neoplasm) and not to a primary
adrenal disorder.

Removal of the tumor is possible in only about
10 percent of patients. Hence, palliative therapy
is important. Successful radiotherapy or chemo-
therapy of the neoplasm can alleviate the hor-
monal syndrome. In addition, therapy directed at
decreasing the production of glucocorticoids and
mineralocorticoids can bring considerable symp-
tomatic relief.1'24'5'8"1 Mitotane is toxic to the
adrenal cortex. Aminoglutethimide inhibits the
first step in the production of all corticoids. Me-
tyrapone inhibits 11-f3-hydroxylase, thus blocking
the production of cortisol, corticosterone and
aldosterone. Hence, metyrapone can cause a de-
cline in levels of those steroids which cause symp-
toms, although in most cases the total steroid
excretion remains the same. Spironolactone can
block the actions of mineralocorticoids, but large
doses may be required. Therapy for hypokalemia,
hypertension or diabetes may be necessary as
well. Bilateral adrenalectomy is rarely indicated;
as is the case with the antihormonal agents, the
syndrome will be relieved with the exception of
the hyperpigmentation.

Hypoglycemia
One must be careful to define the normal range

for blood glucose; in normal women it may fall
to 35 mg per dl after a 72-hour fast. More than
200 cases of fasting hypoglycemia have been re-
ported with nonislet cell neoplasms.'7"8 About 42
percent of these have been of mesenchymal origin,
including fibrosarcomas, other sarcomas, benign
fibromas and mesotheliomas. Another 22 percent
were liver cell carcinomas, with occasional ex-
amples of adrenal cortical carcinoma, lymphoma,
gastrointestinal carcinoma and other carcinomas.
Most of the neoplasms were large, ranging from
800 grams to several kilograms, and more than

80 percent were abdominal. Other causes of fast-
ing hypoglycemia include starvation, severe liver
disease, and insufficiency of anterior pituitary,
thyroid or adrenal cortical function. Symptoms
of hypoglycemia include central nervous system
abnormalities ranging from confusion to coma,
seizures and focal defects. Adrenergic symptoms
include sweating, tremor and palpitations, but
they tend to be related to the rapidity of the fall
in serum glucose rather than to its depth.

It was first supposed that the neoplasms pro-
duced insulin or proinsulin, but with a few possible
exceptions,4 this has not been substantiated. In
this connection, a source of confusion has been
the rare islet cell carcinoma with metastases re-
sembling a spindle cell neoplasm. Because of the
large size of these neoplasms, it was proposed
that excessive consumption of glucose was the
mechanism responsible for hypoglycemia. In rare
cases it has been possible to show an arteriovenous
glucose difference in vessels supplying the tumor
or excessive glucose consumption in vitro.17 The
most likely mechanism in most cases is the pro-
duction by the tumor of a substance (or sub-
stances) with insulin-like activity on bioassay but
which is not identical to insulin on immunoassay.
This activity is referred to as nonsuppressible in-
sulin-like activity (NSILA) because it is not sup-
pressed by anti-insulin antibodies.19'20 This NSILA
is not abnormal per se and makes up most of the
circulating insulin-like activity on bioassay in
normal persons. However, its persistence in the
circulation at high levels in the presence of hypo-
glycemia is abnormal. The most readily available
test to distinguish islet cell from nonislet cell
neoplasms which produce hypoglycemia is to as-
say for the C-peptide, which is present in pro-
insulin and is produced by virtually all islet cell
neoplasms; it is absent from NSILA. It is also
absent in cases of surreptitious insulin injection,
but this would be an unlikely consideration in a
cancer patient. The NSILA has been tentatively
identified with somatomedins; these low molecular
weight peptides are produced in the liver and
possess both growth-promoting and insulin-like
activity.'9'20 Their relation to neoplastic growth is
unknown. A final possibility in the causation of
hypoglycemia is defective hepatic glycogenolysis.
Rare case reports appear to document decreased
phosphorylase activity in some liver cell carci-
nomas and in the adjacent liver tissue, resulting
in abundant hepatic glycogen despite severe hypo-
glycemia. It is possible that this acquired glycogen
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storage disease occurs in more cases of liver cell
carcinoma than is now apparent.

Therapy includes removal of as much of the
tumor as possible, and therapy with irradiation or
antineoplastic agents may alleviate the hypogly-
cemia. Chemotherapy for islet cell neoplasms
sometimes results in a transient worsening of the
hypoglycemia as insulin is released from dying
neoplastic cells. However, this transient aggrava-
tion of hypoglycemia is rare in chemotherapy for
nonislet cell neoplasms, although such a phe-
nomenon did occur in one case of Hodgkin dis-
ease.'7 If antineoplastic therapy is unsuccessful,
symptomatic therapy'7"18 may help to prevent
severe hypoglycemia. One may employ frequent
feedings, glucagon, diazoxide or perhaps glucocor-
ticoids. Continuous glucose infusions are neces-
sary in severe cases. Mithramycin has relieved
hypoglycemia in islet cell carcinoma; it would be
interesting to try this agent in treating other neo-
plasms which produce hypoglycemia.

Spurious hypoglycemia may occur in leukemias
with high counts of circulating leukocytes. If the
blood is drawn into a plain tube and the serum
not separated promptly, the cells continue to
metabolize glucose. The problem is obviated by
separating the serum immediately, or by ensuring
that sufficient fluoride is present in the tube to
stop metabolism.

Hyperglycemia
Hyperglycemia2' is not often considered as a

concomitant of neoplasia. Starvation, impairment
of pancreatic or hepatic function, coexisting dia-
betes mellitus, or exogenous or endogenous glu-
cocorticoids can cause impairment of glucose
tolerance.5 Such impairment has also been re-
ported in association with glucagon-producing
islet cell neoplasms and an enteroglucagon-pro-
ducing renal carcinoma. Hyperglycemia has been
reported in association with a somatostatin-con-
taining islet cell neoplasm, although circulating
glucagon levels were also elevated. In addition,
impairment of glucose tolerance has been reported
in some patients with osteosarcoma.22 In these
patients, a glucose load resulted in an accentuated
response of both growth hormone and insulin.
This interrelationship deserves further study.
Growth hormone might be of some pathogenetic
significance in osteosarcoma; the peak incidence
occurs during rapid skeletal growth, and patients
tend to be taller than average. Hyperglycemia has
not been reported in association with prostaglan-

din-containing neoplasms; however, such an asso-
ciation might be suspected, based on the observa-
tion that prostaglandins blunt the insulin response
to a carbohydrate load.

Hypercalcemia
Hypercalcemia occurs in about 0.3 percent of

patients in a general hospital; of these, about 20
percent have cancer and only 5 percent have
hyperparathyroidism. In 10 percent to 20 percent
of patients with cancer, hypercalcemia develops
at some time;4 usually it is due to "direct" lysis
of bone by osseous metastases. This mechanism
is incompletely understood; osteoclast-activating
factor, prostaglandins, low pH, and perhaps pres-
sure may each play a role. In addition, hyper-
calcemia has been reported in hundreds of patients
without detectable bony metastases, although it
is possible that neither radiographs, radionuclide
scans, nor routine autopsies are uniformly effec-
tive in detecting bony metastases.

Elevated levels of parathyroid hormone (para-
thormone) have been reported in a variety of
neoplasms.23-2 The most common of these neo-
plasms is squamous carcinoma of the lung, with
adenocarcinoma and large cell carcinoma being
less common and small cell carcinoma rare.26
Squamous carcinomas of the head and neck region
are also relatively common.25 A wide variety of
neoplasms, including mainly carcinomas but also
occasional lymphomas and leukemias, has been
associated with elevated parathormone levels. In
some cases it was possible to establish that the
neoplasm produced parathormone in vitro.27'28 In
other cases selective venous sampling disclosed
that the source of the parathormone was the
parathyroid glands and not the suspected ectopic
source. It should be recalled that prior irradiation
of the neck can give rise to parathyroid neo-
plasms. The frequency with which ectopic produc-
tion of parathormone is a feature of neoplasms
has been estimated at high23 and low24 levels.
Parathyroid "hyperplasia" has been said to be a
frequent finding at autopsy of patients with cancer.
However, it is defined as a reduction in parathy-
roid fat; it may represent glandular hyperplasia
or simply loss of fat due to cachexia. Further
data should clarify the question of how often the
hypercalcemia in patients with neoplasms is
caused by ectopic production of parathormone.
One source of confusion is that some neoplasms
produce proparathormone7 or the inactive car-
boxy-terminal fragment of parathormone, both
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of which may be detected in an immunoassay for
parathormone.

Elevated levels of prostaglandins, particularly
prostaglandin-E2, have been reported in associa-
tion with a variety of neoplasms, mainly carci-
nomas.2 '9-3 Because prostaglandins are widely
distributed in normal tissues, it is doubtful that
the term ectopic should be used in this connection.
Increased concentrations of prostaglandin-E2 and
cyclic AMP (adenosine-5-monophosphate) have
been found in neoplastic cells ;31 production by
these cells is likely.32 That prostaglandins play a
role in the hypercalcemia associated with neo-
plasms is supported by the relief of hypercalcemia
in some patients with the use of the prostaglandin
antagonists acetylsalicylic acid and indometha-
c.9'0 Osteoclast-activating factor has been
reported in myeloma33 and similar bone-resorbing
activity in acute lymphocytic leukemia34 as well
as in phytohemagglutinin-stimulated normal lym-
phocytes.4 As is the case with prostaglandins,32
it is as yet unclear how often these bone-resorb-
ing factors produce hypercalcemia as a remote
effect as opposed to promoting bone lysis in situ.
Non-vitamin D sterols have been reported in
breast cancer, but have not been confirmed. For
uncertain reasons some vasoactive-intestinal-poly-
peptide-producing neoplasms have been associ-
ated with hypercalcemia.27

Additional causes of hypercalcemia in patients
with breast cancer are estrogen, androgen, pro-
gestin or antiestrogen therapy.27 Whatever the
underlying cause, hypercalcemia can be aggra-
vated by immobilization, dehydration, thiazide
administration, adrenal insufficiency and hyper-
thyroidism.27 Hypercalcemia frequently accom-
panies paraproteinemia in myeloma and related
disorders. Usually this represents a potentially
dangerous elevation of ionized calcium. Occasion-
ally, however, the excess serum calcium is entirely
bound to the paraprotein, and the ionized calcium
level is normal.3` Therapy for hypercalcemia has
been reviewed.27 35-37 Of interest are the effects
of dactinomycin and mithramycin in blocking
DNA-dependent RNA synthesis and blocking the
effects of parathormone and vitamin D on bone,38
as well as the effect of glucocorticoids in blocking
the action of osteoclast-activating factor39 and the
synthesis of prostaglandins.40

Hypocalcemia and Osteomalacia

Hemangiomas4I and, rarely, other mesenchymal
neoplasms may be associated with osteomalacia,

hypophosphatemia, bone pain, muscle weakness
and renal phosphate wasting. Serum calcium is
usually normal, but in one case this may have
been due to a coexisting parathyroid adenoma.
The syndrome was improved by therapy with
vitamin D and phosphate and resolved following
removal of the neoplasm. The neoplasm appar-
ently produces a substance which affects the tu-
bular resorption of phosphate.41 Hypocalcemia is
an infrequent concomitant of neoplasia.37 Medul-
lary carcinoma of the thyroid, small cell carci-
noma of the lung, and, occasionally, other neo-
plasms can produce calcitonin,42 but hypocalcemia
is rare in these patients. Calcium uptake into
osteoblastic metastases is an infrequent cause of
hypocalcemia.43 Additional causes include mal-
absorption, renal insufficiency, hypomagnesemia,
hyperphosphatemia, anticancer agents, and de-
struction of the parathyroid glands by surgical
procedure or cancer.37

Inappropriate Secretion of Antidiuretic Hormone

Inappropriate secretion of antidiuretic hormone
(SIADH) has been reported in over 100 patients
with neoplasms.44-46 In one series of 86 patients
with SIADH, 20 had cancer; of these, 14 had lung
cancer,45 usually small cell carinomas. Occasional
reports describe the syndrome in patients with
neoplasms of the digestive system45'46 and, in rare
cases, with other neoplasms including lym-
phoma.4'45 Strict criteria for the diagnosis of SIADH
should be kept in mind.44'45 The syndrome is also
present in patients with a variety of benign con-
ditions of the lungs and nervous system.45 In
view of this, plus the fact that the most common
neoplastic cause is lung cancer, a question arises
as to whether the vasopressin is produced in the
neoplasm or as a response to the neoplasm. In
some cases,2'6 production by the tumor has been
shown. Additional causes of SIADH includes vin-
cristine, which appears to increase the level of
antidiuretic hormone as a neurotoxic effect,45 and
high-dose cyclophosphamide, which appears to
exert a direct but transitory effect on the kidney
through its metabolites.45 Other drugs may have
similar effects.44 The symptoms of hyponatremia
include confusion and seizures. The therapy for
SIADH has been reviewed44'45 and includes fluid
restriction and demeclocycline, which blocks the
renal effects of vasopressin.47 Aggravation of SIADH
should be avoided by close monitoring of serum

THE WESTERN JOURNAL OF MEDICINE 193



PARANEOPLASTIC SYNDROMES

sodium levels when patients with cancer receive
intravenous infusions.

Diabetes Insipidus
Diabetes insipidus can result from destruction of

the posterior pituitary by a neoplasm.45 The con-
dition occurs in 0.95 percent of patients with
breast cancer. Metastatic breast cancer is the
most frequent cause of diabetes insipidus in
women over the age of 60,45 while lung cancer
is the most frequent cause of pituitary metastasis
in men. Of patients with metastasis to the pitui-
tary, 7 percent have diabetes insipidus and 1 per-
cent have panhypopituitarism. Of course, these
represent direct effects of a neoplasm and are
included for completeness. Nephrogenic diabetes
insipidus in patients with cancer can result from
hypercalcemia, hypokalemic nephropathy, renal
amyloidosis and sudden relief of urinary obstruc-
tion.45

Carcinoid Syndrome
The carcinoid syndrome has been reported in

rare cases of noncarcinoid neoplasms, including
adenocarcinoma of the pancreas, islet cell neo-
plasms, small cell carcinoma of the lung, medul-
lary carcinoma of the thyroid, and carcinoma of
unknown primary site.48 Most of these neoplasms
originated from cells of the APUD series.

Gynecomastia
Gynecomastia is a frequent finding in non-

seminomatous carcinomas of the testis49 and a
rare finding in liver cell50 and renal cell carci-
nomas, large cell and other lung carcinomas, and
other neoplasms. A careful study of patients with
testicular cancer49 showed that the / subunit of
chorionic gonadotropin, prolactin, estrone, and
estradiol in various permutations were all cor-
related with gynecomastia, but each alone could
be increased in the absence of gynecomastia or
could be normal in its presence. Neoplastic cells5'
and the normal placenta52 can aromatize C19
androgenic precursors into estrogens. Cirrhosis
and drugs such as digitalis, estrogens, phenothia-
zines and spironolactone can also produce gyne-
comastia. In addition, gynecomastia has been
observed in adolescent males and, rarely, in men
treated with antineoplastic agents; presumably this
is a result of damage to the androgen-producing
cells. A related syndrome is precocious puberty,
which has been reported in young boys with
hepatic neoplasms which produced chorionic

gonadotropin."` There is evidence that neoplasms
can produce a chorionic gonadotropin lacking in
carbohydrate; this compound may be cleared from
the blood too rapidly to be detected or to produce
biologic effects.4 This fact may explain why gona-
dotropin production by neoplasms may be much
more frequent than had been appreciated."14

Hyperthyroidism
Hyperthyroidism is a very rare concomitant of

nonthyroid neoplasms. 45 Most of these patients
had a hydatidiform mole or choriocarcinoma,
with isolated instances of nonseminomatous tes-
ticular carcinoma. Other patients may have labo-
ratory evidence of thyroid hyperfunction without
clinical signs.2 The syndrome appears to be
caused by the thyroid-stimulating effects of cho-
rionic gonadotropin rather than by a separate
hormone."' With one possible exception,' there
have been no documented examples of ectopic
production of thyrotropin.

Hypertension

Besides its well-known association with pheo-
chromocytoma, neuroblastoma and aldosteron-
oma, hypertension has been reported in association
with renal neoplasms including hemangioper-
icytoma, Wilms tumor, and renal cell carcinoma.5';
The hemangiopericytomas appear to be derived
from juxtaglomerular cells, which produce renin
under normal conditions. Hence, they may be
regarded as endocrine tumors; the elevated renin
levels they produce are not of ectopic origin. The
situation with Wilms tumor and renal cell carci-
noma is less clear. High levels of renin in plasma
have been reported with these tumors; the renin
levels and blood pressure may decrease'following
nephrectomy.'" In these cases, it seems possible
that the renin was produced by the adjacent, com-
pressed renal tissue. However, there are isolated
reports of recurrent hypertension with the appear-
ance of distant metastases of renal cell carci-
noma. 6 Here it seems likely that the metastases
produced renin. There is a report of a renin-
containing carcinoma of the lung associated with
hypokalemia and hypertension.57

Hematologic Disorders
Polycythemia

The upper limit (mean +2 SD) of red blood
cell mass as measured with chromium 51 at sea
level ranges from 29.6 to 30.6 ml per kg of body
weight in women and from 33.9 to 36.5 in men.
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Polycythemia, a level above these ranges, has
been reported in over 300 patients with neo-
plasms.56'58 Most of the these have been renal
(renal cell carcinoma or Wilms tumor), with
liver cell carcinoma the next in frequency.56'58
Polycythemia has also been associated with cere-
bellar hemangioblastoma and with occasional
examples of other neoplasims, including leiomy-
oma of the uterus and others.5658 In addition,
polycythemia has been associated with such non-
neoplastic renal lesions as cystic disease and hy-
dronephrosis. Unlike polycythemia vera, the poly-
cythemia associated with neoplasms is usually
not accompanied by leukocytosis, basophilia,
eosinophilia or thrombocytosis. Other causes of
polycythemia include cardiopulmonary -disease,
abnormal hemoglobins, and endogenous or- ex-
ogenous androgens.5658 Alveolar hypoventilation
should be ruled out in the presence of a brain
tumor and carboxyhemoglobinemia in a smoker.
Between 1 percent and 5 percent of patients with
renal neoplasms have polycythemia, and a similar
proportion of patients with polycythemia have a
renal neoplasm.56'58 In a patient with unexplained
polycythemia, intravenous urography should be
done.

In most of the cases studied there were elevated
levels of serum or urine erythropoietin,56 58 which
appeared identical With "normal" erythropoietin.
Erythropoietin has been isolated from renal cell
carcinoma, Wilms tumor, liver cell carcinoma,
cerebellar hemangioblastoma and leiomyoma.56'58
It has also been isolated from renal cyst fluid,58
which suggests that, at least in some cases, it is
produced by adjacent, compressed renal tissue.
However, the recurrence of polycythemia with
distant metastases5i58 shows that neoplasms can
produce the hormone. An additional possibility is
suggested by a case of liver cell carcinoma with
a high plasma level of erythropoietin but with
none detected in the neoplasm.58 This patient's
liver tissue lacked the normal ability to inactivate
erythropoietin.

Erythroid Aplasia
Severe anemia, absence of reticulocytes and a

substantial decrease in erythroid cells in the mar-
row have been associated with thymoma, usually
of the spindle-cell type.59-62 Perhaps 5 percent of
thymomas are associated with pure red blood cell
aplasia, and occasional cases are also associated
with leukopenia or thrombocytopenia.61 Con-
versely, a third to a half of adults with erythroid

aplasia will have a thymoma; additional cases have
been ascribed to marrow injury by drugs or
viruses, or in association with pregnancy. Rare
cases have been reported in patients with cancer
of the lung, stomach or thyroid, as well as with
lymphoid neoplasia.58'62 The mechanism appears
to be immunologic, with an IgG antibody directed
against the nuclei of erythroblasts.5'60'63 Myasthe-
nia gravis is usually associated with other histo-
logic types of thymoma, but occasionally the two
syndromes coexist.62 Erythroid aplasia is an un-
favorable prognostic sign in thymoma.64 How-
ever, from 15 percent to 29 percent of patients
enjoy prolonged remissions following thymec-
tomy,60'64 and another 15 percent when thymec-
tomy is followed by steroid therapy.60 Radiother-
apy may be of benefit, while androgen therapy
has yielded variable results.

Hemolytic Anemia
Coombs-postive hemolytic anemia is a common

finding in patients with lymphoid malignancies; it
has occasionally been reported in association with
other neoplasms,5 including carcinomas of the
ovary,65 stomach, colon,66 lung, cervix and
breast.67 The direct Coombs test is positive, a
reticulocytosis is present, there may be slight
splenomegaly, and steroid therapy may be par-
tially effective. Thus, idiopathic hemolytic anemia
may be closely mimicked. In some instances re-
moval of the neoplasm cures the anemia.65 It
seems likely that a substance produced by the
neoplasm evokes antibodies which cross-react with
red blood cells.66 Production by the neoplasm of
a substance which is toxic to red blood cells has
not been observed in humans. Anemia of a
microangiopathic type can occur in association
with neoplasms; here, however, the direct Coombs
test is negative and red blood cell fragmentation
is seen.

Thrombocytosis and Leukocytosis
Thrombocytosis is a relatively common finding

in association with neoplasms, although precise
figures are not available.56'68-71 Usually throm-
bocytosis occurs with metastatic disease, especially
with marrow involvement; in this situation it may
be accompanied by leukocytosis. Occasionally,
thrombocytosis may be associated with a localized
neoplasm and may subside after its removal; this
phenomenon appears to be more common in renal
cancer.56 The platelet count rarely exceeds 1 mil-
lion per ,pl but may reach 6 million.7' Hemor-
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rhagic or thrombotic complications are unusual,
perhaps because platelet function is normal. A
spurious hyperkalemia may accompany throm-
bocytosis of any cause. Other causes of throm-
bocytosis include hemorrhage, splenectomy, iron
deficiency, recovery from myelosuppression, vin-
cristine therapy, and various infectious and inflam-
matory disorders. A thrombocytosis-producing
factor has been tentatively identified in animal
experiments;56'68'72 its source is unproved.

Leukocytosis is one of the leukoerythroblastic
features of the blood that may accompany marrow
invasion by a neoplasm. Leukocytosis, sometimes
of an extreme degree,73 is noted occasionally
in patients with neoplasms in the absence of
overt infection or tumor necrosis.56'68'73 Eosino-
philia4'68'73 or monocytosis74 may also occur.
Other causes of leukocytosis include lithium and
recovery from myelosuppression. A leukocytosis-
producing factor has been tentatively identified in
animals,56'68'72 but whether it is produced by neo-
plastic cells is not known.4

Coagulopathies
Intravascular Coagulation

Disseminated intravascular coagulation (DIC)
has been reported with a wide variety of neo-
plasms.7577 The clinical features may include
thrombocytopenia and a decrease in coagulation
factors including fibrinogen and factors V and
VIII. The Quick prothrombin time and partial
thromboplastin time are prolonged. Platelet plug
formation is inhibited. The result is a tendency
toward general bleedinig. Erythrocyte fragmenta-
tion may be a part of the syndrome, or hemolysis
may occur without overt DIC.75 The neoplasms
most frequently associated with DIC include acute
progranulocytic leukemia and carcinoma of the
prostate, as well as mucin-producing adenocarci-
nomas.7577 In addition, DIC may occur as a result
of therapy, which may release thromboplastic sub-
stances from leukemic and normal leukocytes,75
or cancer cells.78 Mucin can activate factor X75,76
and, unlike tissue thromboplastin, can do so
despite a deficiency of factor VII. In other pa-
tients there may be diminished survival of fibrino-
gen in the absence of symptoms. Fibrinolytic
activity may be increased secondarily.75 Primary
fibrinogenolysis is unusual except following pros-
tatic operations, but it may be seen in some pa-
tients with untreated carcinoma of the prostate.75
The therapy of DIC is controversial and not uni-
formly successful; heparin is sometimes effec-

tive,75'79 and spontaneous improvement may occur.
Other causes of DIC include sepsis and transfusion
reactions;75 L-asparaginase can cause hypofibrino-
genemia. A positive protamine test is supportive
of a diagnosis of DIC, but may also be caused by
transfusion, traumatic venipuncture or venous
thrombosis.75 Localized intravascular coagulation
can occur in cavernous hemangiomas and can
result in findings similar to those in the dissemi-
nated type.68
Venous Thrombosis

Migratory thrombophlebitis was first described
by Trousseau. More frequent is venous thrombosis
with the risk of pulmonary emboli. A thrombotic
tendency has been noted in association with many
types of neoplasms, particularly those of the
stomach, pancreas, ovary, lung and colon.5'8'77'80'8'
In contrast to the bleeding tendency in acute DIC,
chronic DIC may be associated with a thrombotic
tendency.76'77 It is clear that patients with various
types of cancer have a tendency to thrombosis; it
is less clear that they have a greater tendency than
do patients equally ill with benign diseases, al-
though there is evidence that this is so.77'80 Mucin
can activate factor X, and endothelial disruption
can activate factor XII.75 Thrombocytosis may
also play a role. In those cases in which the neo-
plasm could be successfully treated, the throm-
botic tendency did not recur.75

Sterile Endocarditis
Sterile vegetations on previously normal heart

valves may occur in association with a variety of
neoplasms, especially mucinous adenocarcino-
mas.5,76,81,82 The valves affected are usually on the
left side of the heart, which is difficult to explain if
the syndrome is caused by substances released into
the systemic circulation. Sterile endocarditis oc-
curs in about 20 percent of patients with chronic
DIC, and in those in whom it occurs arterial emboli
are frequent.76 A murmur may or may not be
heard.8' The vegetations are composed of plate-
lets and fibrin; occasionally they become secon-
darily infected.82 Thrombophlebitis or overt DIC
usually does not coexist with sterile endocarditis.
The syndrome is seen with chronic nonneoplastic
diseases somewhat less frequently than in asso-
ciation with cancer.82 However, the term marantic
is inaccurate; the patients may not be cachectic.

Dysfibrinogenemia
Acquired structural abnormalities in the fibrin-

ogen molecule have been reported in association
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with liver cell carcinoma, as well as with cancer
metastatic to the liver and benign liver disease.83
The result is prolongation of prothrombin, throm-
bin, and partial thromboplastin times, as well as
inhibition of the clotting of normal plasma. There
is no evidence of factor deficiency or fibrino-
genolysis. In most patients there was no clinically
important bleeding.

Protein Disorders
Amyloidosis

Amyloid deposition may be associated with
myeloma and macroglobulinemia84 8" and a variety
of nonplasmacytic neoplasms,`6 including renal
cell and gastric carcinoma as well as Hodgkin
and non-Hodgkin lymphoma. In the past, amyloid-
osis was divided into primary and secondary types
on the basis of the organs involved and the under-
lying condition. It now appears that whatever
the underlying condition the pattern of involve-
ment may be similar and may include the blood
vessels, heart, carpal tunnel, tongue, gastrointes-
tinal tract, anus, liver, spleen, joints, skin and
kidney.56.84,85 Impairment of organ function, ob-
struction or bleeding may occur. Factor X defici-
ency and fibrinogenolysis have been reported. The
amyloid seen in association with plasmacytic dis-
orders resembles the light chains of IgG in struc-
ture, while that seen in conjunction with other
neoplasms contains the "AA" protein.86 The idea
that the protein abnormality reflects an attempt
at defense against the nonplasmacytic neoplasm
is supported by the following observation. In a
patient with renal cell carcinoma there was a
spontaneous regression of pulmonary metastasis
but renal failure caused by amyloid deposition
occurred.56 Amyloid occurs locally within medul-
lary carcinoma of the thyroid.

Paraproteinemia
Monoclonal gammopathy has been defined as

a narrow band on serum protein electrophoresis;
at present the term may include the additional
requirement that the protein react with either k-
or X-antisera but not both, on immunoelectro-
phoresis. Besides being produced by plasmacytic
neoplasms, monoclonal proteins may occur in as-
sociation with a variety of other neoplasms,84'87-91
including carcinomas, sarcomas, lymphomas and
leukemias. Sometimes these paraproteins show
cold-agglutinin or cold-precipitating activity, or

both,8492 but in most patients they produce no

direct symptoms. They may be associated with
amyloid deposition. The possibility of a coexisting
myeloma should be kept in mind. Each parapro-
tein appears to be idiotypically unique. However,
the paraproteins show no detectable differences
at present which would allow one to distinguish
between patients with myeloma or macroglobulin-
emia, those with other neoplasms, and those with
no apparent cause for the protein elevation.91 The
differential diagnosis would have to rest on the
degree of marrow plasmacytosis, the presence of
osteolytic lesions, and the presence or absence of
a nonplasmacytic neoplasm.87

In some cases, it has been possible to show
that the protein is present (and probably pro-
duced) in plasmacytes surrounding the carci-
noma,89 which suggests that it may be an anti-
neoplastic antibody.91 In other cases, the protein
has been shown to possess the ability to bind
heparin or clotting factors,9' a situation that could
produce a coagulopathy. Some gastrointestinal
cancer cells may possess the i-antigen on their
surfaces, which might evoke an antibody that
agglutinates red blood cells.92 Besides the possi-
bility that the protein is an antibody directed
against an antigen associated with the cancer, and
the possibility of a coexisting plasmacytic neo-
plasm, one might consider the following possi-
bilities. The protein disorder could have rendered
the patient more susceptible to the development
of a nonplasmacytic neoplasm. On the other hand,
the paraprotein and the cancer could have occurred
together by chance; perhaps 1 percent of appar-
ently healthy older persons have a monoclonal
gammopathy.91 The disappearance of the gam-
mopathy following removal of a nonplasmacytic
neoplasm is extremely rare. A source of confusion
is that paraproteins associated with nonplasmacy-
tic neoplasms may be classified as benign mono-
clonal gammopathies.

Digestive Disorders
Zollinger-Ellison Syndrome
The Zollinger-Ellison syndrome results from

non-,8 cell adenomas or (in 44 percent) carci-
nomas of the pancreatic islets or duodenum, with
production of gastrins (big, little and "mini") by
the neoplasm.493 The gastrins cause excessive
gastric acid secretion, which results in single or
multiple ulcers of the duodenum or jejunum. In
addition, in a third of the patients intractable
diarrhea develops, perhaps because pancreatic
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and intestinal enzymes are inactive at an acid pH.
Multiple endocrine neoplasia type 1 (MEN-1)
includes gastrinomas or insulinomas as well as
parathyroid and pituitary neoplasms. Another
dominant condition, MEN-2, consists of medul-
lary carcinoma of the thyroid, pheochromocytoma
and parathyroid neoplasms. Those patients who
lack parathyroid neoplasms but who have dermal
or mucosal neuromas are said to have MEN-2b
or MEN-3. However, there is some overlap be-
tween MEN-1 and MEN-2.94

About 87 percent of cases of the Zollinger-
Ellison syndrome result from neoplasms of the
islets. There is some doubt that islet cells produce
gastrins under normal conditions;95' 9 however,
gastrin production by islet cell neoplasms is not
usually thought of as being ectopic. There is at
least one case report of the Zollinger-Ellison
syndrome caused by gastrin production by a
mucinous adenocarcinoma of the ovary97 and
another by a ductal adenocarcinoma of the pan-
creas.98 Other causes of fasting hypergastrinemia
include atrophic gastritis, antral G-cell hyper-
plasia, retained antrum, impaired function of the
kidneys or small intestine and vagotomy without
gastrectomy. Routine therapy for ulcer or diarrhea
is ineffective.93 If removal of the neoplasm is im-
possible, symptomatic therapy with cimetidine
may obviate the need for total gastrectomy. Strep-
tozocin therapy may also be useful.

Diarrheal States
Diarrhea often occurs in the Zollinger-Ellison

syndrome as well as in the carcinoid syndrome.
Non-p islet cell neoplasms may cause "pancreatic
cholera" by producting vasoactive intestinal poly-
peptide (vip) .99100 In addition, VIP production
and diarrhea have been reported in rare cases of
carcinoma of the lung (mainly squamous), as
well as pheochromocytoma and ganglioneuroblas-
toma.99"100 However, viP levels require careful
interpretation. Prostaglandins'0l and other hor-
mones4 may also play a role in diarrheal states.
Streptozocin or indomethacin therapy may be
useful in some patients. Other neoplasms may
cause diarrhea by nonhormonal mechanisms. Vil-
lous adenoma (or carcinoma) and polyposis of
the colon and rectum can cause massive loss of
fluid, electrolytes and protein. Adult celiac disease
may be associated with an increased incidence of
lymphoma;102 and association with carcinoma of
the small intestine has been suggested. The inci-
dence of malabsorption may be increased in can-

cer patients as a group, but this has not been
proved.' In this regard, a toxic effect of chemo-
therapy or irradiation should be considered, as
well as mucosal ulceration or lymphatic obstruc-
tion by the neoplasm, and amyloid deposition in
the bowel wall.'03

Constipation has not been accepted as a para-
neoplastic syndrome. One case has been reported
in which constipation and malabsorption were
attributed to enteroglucagon present in a renal
carcinoma.

Hepatic Dysfunction
Between 10 percent and 14 percent of pa-

tients with renal cell carcinoma, but without
hepatic metastases, have abnormalities of liver
function including elevation of alkaline phos-
phatase and glutamic-oxaloacetic transaminase
levels, reduction in prothrombin activity, re-
versal of the albumin:globulin ratio, and ele-
vation of Bromsulphalein (sulfobromophthalein
sodium) retention. ';104 Minimal enlargement of
the liver may be present, but results of liver
biopsies are within normal limits.'04 In those cases
in which removal of the neoplasm was accom-
plished, liver size and function returned to normal.
The mechanism is unknown.

Renal Dysfunction
Nephrotic Syndrome

In perhaps 6 percent of patients with the
nephrotic syndrome a neoplasm has or will de-
velop.4' 05'0 The syndrome has been associated
with Hodgkin and non-Hodgkin lymphoma,108
as well as carcinomas of the lung, stomach,109
colon or ovary. The nephrosis may antedate the
discovery of the neoplasm; it has been proposed
that unexplained nephrosis occurring after the
age of 40 should provoke a search for a neo-
plasm.4' In some cases nephrosis is caused by
invasion of the kidney by neoplastic cells, renal
amyloidosis or renal vein thrombosis.45"08 In
other cases an immunologic mechanism is likely.
Antigen-antibody complexes have been identified
on the glomeruli;45' 0' such complexes may in-
clude carcinoembryonic antigen.'"' Viral antigens
have been suggested but not proved. Membranous
or lobular glomerulonephritis45 may be present in
some patients and minimal-change lesions in
others, particularly those with lymphomas.108
Whether the minimal-change lesion represents an
earlier stage is not known.'08 In most cases in
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which the neoplasm could be successfully treated,
the nephrotic syndrome remitted.45'105 In one in-
structive case, both the lung cancer and the
nephrotic syndrome remitted with cyclophospha-
mide therapy. When both the cancer and the
nephrosis recurred, cyclophosphamide therapy
caused improvement in the nephrosis despite lack
of improvement in the cancer. Cyclophosphamide
appeared to exert its antineoplastic and immuno-
suppressive effects independently.

Tubular Defects
Tubular defects of either the proximal or distal

types (or both) have been reported in association
with multiple myeloma, 45'84"10 as well as with
idiopathic light-chain proteinuria. The damage to
the tubular cells appears to be caused by deposi-
tion of light chains. Potassium-losing nephropathy
with lysozymuria has been reported in acute non-
lymphocytic leukemia.45""' However, it is doubt-
ful that lysozyme (muramidase) is the cause of
the tubular defect."2 Its appearance in the urine
may be the result of the defect. A proximal tubu-
lar defect is sometimes associated with inappro-
priate secretion of antidiuretic hormone; the
mechanism is unknown. Hypokalemic nephrop-
athy may be associated with diarrheal states,
production by a neoplasm of aldosterone or renin,
Cushing syndrome or renal potassium wasting.45
Tubular defects may also be caused by therapy
with streptozocin, cephalothin or gentamicin.

Musculoskeletal Disorders
Hypertrophic Osteoarthropathy

Hippocrates described curved fingernails, warm
fingertips and swollen feet in cases of "empyema."
Since that time, hypertrophic osteoarthropathy
has been associated with a variety of benign and
malignant diseases of the thorax and, less fre-
quently, the abdomen.'" Among neoplastic
causes lung cancer is the most prominent, but
osteoarthropathy is unusual in small cell carci-
noma." Other neoplasms affecting the thorax,
whether primary or metastatic, benign or malig-
nant, epithelial or lymphoid,"0 may be associated
with osteoarthropathy. Intra-abdominal causes are
uncommon and include ulcerative colitis5 as well
as carcinoma. In its mildest form osteoarthropathy
involves clubbing of the fingers and toes. In more
advanced cases there is periosteal new-bone for-
mation visible on bone radiographs and scans. In
other cases there may be thickening of the long

bones, metacarpals, metatarsals and phalanges.
When these changes are associated with a coarsen-
ing of the facial features, the clinical character-
istics are indistinguishable from those of pachy-
dermoperiostosis,"17 although some reserve this
term for the hereditary condition unassociated
with thoracic disease. Indeed, the full spectrum
from clubbing to pachydermoperiostosis may be
hereditary."17 In most cases associated with a
neoplasm, the osteoarthropathy improved when
the neoplasm was removed"14 or successfully
treated with irradiation or chemotherapy.", Clini-
cal features regress more quickly than radio-
graphic signs.

Various mechanisms have been proposed. Neu-
ral factors play a role in some patients. In both
neoplastic and nonneoplastic conditions, the osteo-
arthropathy may regress following section of the
vagus on the side of the lesion.5"'8 This fact, plus
the fact that atropine does not relieve the syn-
drome,5 suggests that the vagus carries the afferent
limb of the response. The observation that the
syndrome may regress after thoracotomy without
resection is unexplained. The fact that osteoar-
thropathy is sometimes associated with estrogen
hyperexcretion led to the suggestion that estro-
gens are causally related."14 However, the asso-
ciation is inconstant,' and osteoarthropathy is not
seen with estrogen therapy for breast or prostatic
carcinoma. The increased warmth and blood flow
of the extremities has suggested a vascular mech-
anism.""01 Neoplasms can produce an angiogenesis
factor which may be of great importance in their
growth, but its relation to osteoarthropathy re-
mains unproved; limb blood flow may fall after
nonresectional surgical procedures.5 Lung and
other neoplasms may contain human growth hor-
mone,"'.20'12' and patients with osteoarthropathy
may have acromegaloid features."14 However, there
is no consistent relation between growth hormone
levels and the presence or severity of osteoar-
thropathy."120'2' The same objection applies in
the case of neoplasms which contain growth-
hormone-releasing hormone."3"12' Recently, we
observed a patient with a malignant mesothelioma
in whom both hypoglycemia and osteoarthropathy
were manifested. This case is of interest for two
reasons. First, osteoarthropathy is said not to
occur in malignant mesothelioma."11 Second, it
raises the question of whether somatomedins may
be involved in osteoarthropathy as they probably
are in hypoglycemia."'2022 One must grant that
hypoglycemia and osteoarthropathy coexist un-

THE WESTERN JOURNAL OF MEDICINE 199



PARANEOPLASTIC SYNDROMES

commonly; nonetheless, it would be of interest
to study somatomedin levels in patients with
osteoarthropathy.

Dermatomyositis
The possible association of dermatomyositis

and neoplasia has been widely discussed.,"113122'125
In large series of patients with dermatomyositis
the incidence of malignant neoplasms has been
reported variously as 6.7 percent123 or 16 per-
cent.'24 As has been pointed out, a prospective
study would be required to confirm the associa-
tion.125 At present, it appears likely that there is
some association, particularly when dermatomy-
ositis appears in men after the age of 40.4,125 The
dermatomyositis usually appears within a year of
the diagnosis of the neoplasm. Skin manifestations
may include erythema or telangiectases of the
periorbital region, upper chest or knuckles. Muscle
manifestations include proximal-muscle weakness,
atrophy and tenderness; they may occur in the
absence of skin findings and be diagnosed as
polymyositis. The associated neoplasms"2' have
included carcinomas of the breast, lung, ovary,
and stomach, as well as leukemias, lymphomas
and sarcomas. Interestingly, there appears to be
a deficit in cases of colorectal carcinoma.125 Suc-
cessful therapy for the neoplasm frequently, but
not always, is accompanied by improvement in
the dermatomyositis.4"' However, in the case of
chemotherapy, one must consider immunosup-
pressive as well as antineoplastic effects. The der-
matomyositis may respond to steroid therapy,125
but the response tends to be shorter than in classic
dermatomyositis. An immune mechanism is sug-
gested by reports of both humoral'21 and cell-
mediated127 cytotoxicity. Viral-like inclusions have
been reported but not cultured. It has been ob-
served that when dermatomyositis accompanies
neoplasms, it is more likely to be associated with
a motor neuropathy demonstrable by electromy-
ography.113

Disorders of the Skin
A wide variety of dermatoses has been reported

to occur in association with neoplasia.25.522,28
Dermatomyositis has been mentioned. It is per-
haps the best-studied condition, but its association
with neoplasia remains in doubt. Prospective
studies would be required to establish clearly the
association of these conditions with neoplasia.

A canthosis Nigricans

Acanthosis nigricans is characterized by hyper-
pigmentation and papillary hypertrophy in the
skin folds of the axilla, groin, face, elbows,
knees, inframammary area, umbilicus and else-
where2''28.12" The syndrome may occur in chil-
dren in an hereditary form unassociated with neo-
plasia. In adults it has been estimated to be
associated with neoplasia in from 25 percent to
100 percent of cases.2''22 Most of the neoplasms
associated with acanthosis nigricans have been
gastric or other adenocarcinomas.2 The skin dis-
order may precede the diagnosis of the neoplasm
by many years122 and rarely improves with treat-
ment of the neoplasm,2 casting doubt on a direct
relationship. In addition, acanthosis nigricans may
be seen in association with obesity,2 diabetes with
insulin resistance, pituitary neoplasms and other
endocrine disorders, tuberous sclerosis, and ther-
apy with sex hormones or nicotinic acid. Of in-
terest is a case report in which acanthosis nigricans
appeared during therapy with a crude preparation
of melanocyte-stimulating hormone, cleared when
therapy was stopped, and did not recur during
therapy with a purified preparation.130 This obser-
vation suggests that the syndrome may be caused
by a relatively small compound (presumably a
peptide) present in the pituitary. It should be
noted that diffuse hyperpigmentation and not
acanthosis nigricans is seen in patients with ACTH-
producing neoplasms,' although acanthosis nigri-
cans has been reported in rare cases of pituitary
neoplasms.

Miscellaneouis Dermatoses

Pellagra-like lesions may accompany a carcinoid
syndrome because of the excessive uptake of tryp-
tophan by the neoplasm."2 Porphyria cutanea
tarda may be associated with liver cell carcinoma
or adenoma.'"' In most cases the porphyria and
the carcinoma both appear to be related to the
underlying cirrhosis; however, in a few cases, the
adenoma or carcinoma contained much more por-
phyrin than the adjacent hepatic tissue.2 A crust-
ing, pustular erythema of the face and skin folds
has been reported in a few patients with mild
diabetes and glucagon-producing islet cell neo-
plasms. Pemphigus vulgaris or bullous pemphigoid
may be associated with neoplasia in 12 percent of
cases.' An immune mechanism is suggested by
the presence of fluorescent antibodies in some
cases, as well as by the fact that many of the
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neoplasms were lymphoid."1'2 However, as with
some other dermatoses, some patients were on
long-term corticoid therapy before the diagnosis
of the neoplasm was made; the therapy, not the
dermatosis, may have been the determining factor
in the appearance of the neoplasm.

Nodular panniculitis, sometimes accompanied
by polyarthropathy, has been reported in associa-
tion with lipase-containing adenocarcinoma of the
pancreas as well as with pancreatitis."' Acquired
hypertrichosis lagunosa, a diffuse increase in
lanugo hair, may accompany various neoplasms
as well as diazoxide therapy.2 Erythema gyratum
repens is an unusual, rapidly changing erythema
in a "wood-grain" or "zebra" pattern; it is said
to be strongly associated with neoplasia.2'5"22
Acquired ichthyosis may accompany various neo-
plasms.2'22 Tylosis, a hyperkeratosis of the palms
and soles, has been associated with carcinoma of
the esophagus in two families; the condition is
dominant.2 It is doubtful that tylosis is related to
neoplasia in any other respect.2 Multiple seba-
ceous adenomas have been reported in association
with visceral carcinomas.

Neurologic Disorders
Neoplasms may involve the nervous system by

direct extension, compression, ischemia, metas-
tases, metabolic disturbances or by remote ef-
fects.2'"4 Perhaps 10 percent of "strokes" prove
to be brain metastases. Because there is no effec-
tive treatment for the remote effects, every effort
should be made to rule out treatable causes of
neurologic dysfunction, including metastases, in-
fection, subdural hematoma, angiitis,135 carotid
stenosis,'36 hydrocephalus and emboli. In addi-
tion, one should be alert for metabolic disturb-
ances, including hypercalcemia, hyponatremia,
hypoglycemia, hyperviscosity, hepatic or renal
insufficiency, anemia, and hypoxia, as well as the
effects of endogenous or exogenous corticoids or
other agents with potential neurotoxicity.

Progressive Multifocal Leukoencephalopathy
Progressive multifocal leukoencephalopathy

(PML) is characterized by progressive weakness of
one or more extremities, dementia, disturbances
of gait and speech, visual loss, involuntary move-
ments and seizures.2'5'134"38 Cerebellar or cord
signs are unusual. The symptoms usually begin
after the underlying disease is well advanced and
progress rapidly, with death occurring in two to
four months.137 The electroencephalogram and

radionuclide scan may show bilateral abnormali-
ties.17 Computerized tomographic (CT) scanning
has shown bilateral lesions in asymptomatic chil-
dren who had received cranial irradiation and
intrathecal methotrexate; these treatments can be
followed by PML. It seems likely that CT scanning
will be useful in the early diagnosis of PML.
PML has been reported in patients with leu-

kemia, lymphoma and myeloma; rarely, it may ac-
company carcinomas or polycythemia vera.137"138
In addition, PML has been reported in immuno-
suppressed recipients of organ grafts, as well as
in patients with lupus, granulomatous diseases and,
very rarely, in previously healthy persons.'37"138
The resemblance of PML to viral neurologic

diseases of animals and humans led to a search
for a viral cause. Papova viruses including the JC
and SV-40 (simian vacuolating-40) viruses have
been recovered from brain tissue of patients with
PML.139-141 The patients from whom the SV-40
virus was recovered had had no known exposure
to monkeys. It is conceivable that they received
the virus from early lots of "inactivated" polio
vaccine, which may have been contaminated with
SV-40. The incriminated viruses contain DNA,
but clinical trials of idoxuridine and cytarabine
(Ara-C) have been disappointing.142 Vidarabine
(Ara-A) has been effective in the treatment of
herpes zoster and herpes simplex encephalitis;
trials of this agent in PML are awaited with inter-
est. The viruses which have been incriminated in
the cause of PML are oncogenic.138 Bizarre, dys-
plastic astrocytes are present in many cases of
PML.'3' If successful therapy can prolong these
patients' survival, the possibility of the develop-
ment of astrocytoma will have to be kept in mind.
It should be noted that even if a viral cause is
established, immune mechanisms may aggravate
or perpetuate the damage to the brain.

Limbic Encephalopathy
Limbic encephalopathy is also referred to as

subacute encephalomyelitis. It is characterized
by a subacute onset of cerebral dysfunction, in-
voluntary movements, ocular and bulbar palsy,
ataxia, nystagmus, and sensory and motor neu-
ropathy.'43"144 The bulbar and cord findings may
be reminiscent of poliomyelitis.'43 The course is
more insidious than is the case in PML. The onset
may occur before or after the diagnosis of the
neoplasm. The syndrome has been reported with
carcinomas of the lung, uterus, breast and other
sites.'43 The prognosis is usually poor, but im-
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provement occurs in some cases. The mecha-
nism is obscure, but there is some evidence for
organ-specific antibodies directed against nerve
tissue.'43

Pontine Lesions
Central pontine myelinolysis is characterized

by tetraparesis, ocular muscle palsies, pupillary
abnormalities and other bulbar signs.142 The
syndrome has been reported in patients with leu-
kemia and, possibly, with other neoplasms. The
syndrome may also occur in patients with alco-
holism and pancreatitis.'4' Intravenous injection
of pancreatic lipase produces demyelination in
rabbits; it would be of interest to look for a
possible enzymatic mechanism. Pontine lesions
may result from cranial irradiation in conjunction
with intrathecal methotrexate therapy or (in one
patient) in conjunction with systemic therapy
with a nitrosourea.

Cerebellar A trophy
Cerebellar atrophy includes ataxia of the upper

and lower extremities, nystagmus, and dysarthria,
often accompanied by involvement of the cere-
brum, cranial or peripheral nerves, and long
tracts.146",47 It has been associated with carcinomas
of the lung, breast, ovary and kidney, as well as
Hodgkin and n6n-Hodgkin lymphoma.146"147 The
onset is often abrupt and the course progressive,
although recovery has been reported.'46, The
course of the syndrome usually does not parallel
that of the neoplasm. The syndrome resemblds
the viral disease kuru.146 Fluorouracil and per-
haps vincristine may have toxic effects on the
cerebellum. The differential diagnosis may also
include alcoholism, myxedema, combined-system
disease, multiple sclerosis, and the toxic effects
of glutethimide and phenytoin.146 A related syn-
drome is opsomyoclonus, which is characterized
by acute cerebellar ataxia with ataxic eye move-
ment.'48 It may accompany neuroblastoma. It
disappears with successful therapy for the neo-
plasm; for unknown reasons, it appears to be a
favorable prognostic sign.

Myelopathy
A poliomyelitis-like lesion of the cord has been

the subject of a few reports.143"149"1 0 Most of the
associated neoplasms have been visceral carci-
nomas. Metastases to the cord are usually extra-
medullary. However, they may be intramedullary,
in which case the myelogram is usually normal.

Distinguishing such a metastasis from a distant
effect of cancer would be difficult.'-- Irradiation
and intrathecal chemotherapy can cause cord
damage including paraplegia.

Neuropathy
Neuropathy involving cranial or peripheral

nerves has been reported in association with
a variety of epithelial and lymphoid neo-
plasms.` 14'3l'1 l 2 In perhaps 16 percent of pa-
tients with cancer a neuropathy will develop. The
onset of the neuropathy may precede or follow
the diagnosis of the neoplasm and the course of
the neuropathy may or may not parallel that of
the neoplasm.'4' The neuropathy may be motor,
in which case it may resemble amyotrophic lateral
sclerosis, '12 or it may be sensory, but in most
cases it affects both modalities. The differential
diagnosis includes amyloid neuropathy caused by
amyloid infiltration of the nerves'5" or by com-
pression in the carpal tunnel. In addition, one may
consider neuropathy associated with diabetes,
tabes, myxedema, uremia or vitamin deficiency.
Vincristine, vinblastine, procarbazine and hexa-
methylmelamine can cause a toxic neuropathy.
Corticoid therapy occasionally may improve the
neuropathy even in those cases not associated
with lymphoid neoplasia.'43 In some cases, there
is evidence of antibodies reacting with nerve tis-
sue, l 4 l but it is unclear whether they are the
cause or the result of neural damage.' There is
little evidence for a toxic, vitamin-deficiency, or
viral mechanism.''4' In some patients axonal
degeneration is detectable before symptoms ap-
pear."56
Some forms of neuropathy merit special com-

ment. Neuropathy is reported in occasional pa-
tients with polycythemia vera;2,'43 ischemia may
be a factor. Irradiation may cause cranial or
peripheral neuropathy as a delayed effect. Neu-
ropathy of the brachial plexus may occur as a
remote effect of neoplasia;"57 it may also be
caused by neoplastic infiltration or irradiation.
Abnormalities of taste may be common in patients
with cancer and may in part explain anorexia."58
Autonomic neuropathy with orthostatic hypoten-
sion is a rare concomitant of neoplasia.5"159

Myasthenia Gravis
About 10 percent of patients with myasthenia

gravis have a thymoma, usually of epithelial or
mixed type, and an additional 75 percent have
thymic hyperplasia.'1"0"'2 Conversely, in about
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30 percent of patients with a thymoma myas-
thenia gravis will develop. Myasthenia gravis has
been reported in rare cases of small cell carcinoma
of the lung, other carcinomas and lymphomas;'62
however, coexisting thymic disease was not ruled
out in all of these reports. In addition, some of
the cases may in fact have represented the myas-
thenic syndrome. Hence, it is doubtful that myas-
thenia gravis is associated with nonthymic neo-
plasms more often than can be explained by
chance. It should be recalled that the incidence
of other neoplasms is probably increased in pa-
tients with thymoma."13 Of patients with myas-
thenia gravis, 50 percent to 75 percent benefit
from thymectomy, although, occasionally, the
myasthenia worsens after surgical operation.'60-164
Neostigmine is usually effective. Antibodies bind-
ing to acetylcholine receptors have been identified
in myasthenia as well as in some patients with
thymoma but without myasthenia.165 Cellular im-
munity may also play a role.

Myasthenic Syndrome
Eaton and Lambert"'6 described a syndrome

associated with nonthymic neoplasms, especially
small cell carcinoma of the lung. Unlike myas-
thenia gravis, this syndrome is usually not ac-
companied by ptosis or respiratory weakness; the
tendon reflexes are often reduced, and repeated
contraction initially causes increased (not reduced)
strength.12';2 66 The last characteristic can be noted
on an electromyogram and helps to differentiate
the syndrome from myasthenia gravis.1622166167 A
similar electromyogram is produced by botulism
and intoxication with neomycin or magne-
sium. I l.' However, no toxin has yet been iden-
tified in the myasthenic syndrome. The myasthenic
syndrome usually does not respond to neostigmine
but often responds to guanidine.' 162167 The prog-
nosis of small cell lung cancer is improving; it
will be interesting to observe the course of the
myasthenic syndrome in patients who survive for
prolonged periods.

Discussion
There is no hypothesis that can explain all of

the remote effects of neoplasia. Nevertheless, some
of the data can be made more intelligible using
certain hypotheses. These hypotheses are not
necessarily mutually exclusive.

Perhaps the most widely applicable hypothesis
is that of genetic derepression. It is believed that
somatic cells, including neoplastic cells, contain

much of the genetic information which was con-
tained in the zygote. This has been seen in am-
phibians. Nuclei were removed from renal carci-
noma cells of frogs and then implanted into
enucleated frog ova. Swimming tadpoles de-
veloped in about 5 percent of the experiments.'68
The tadpoles were normal in histologic appear-
ance and contained tissues derived from all three
germ layers. Similar results were obtained using
nuclei removed from normal intestinal epithelial
cells, although the success rate was higher than
was the case when neoplastic nuclei were used.
These data indicate that, at least in this system,
some neoplastic cells contain all the genetic infor-
mation required to form a complete embryo. In
addition, the data illustrate that in the proper
environment the malignant transformation is re-
versible. Obviously, most-perhaps 90 percent-
of the genetic information present in the zygote
is not needed in differentiated somatic cells.4 The
unneeded information must be repressed. Possible
mechanisms for this repression involve histone
and nonhistone proteins and nuclear RNA. Failure
of the repression mechanism is termed derepres-
sion.

It is clear that derepression does not occur in
a random fashion. As has been mentioned, specific
types of neoplasms are more likely to be associ-
ated with specific paraneoplastic syndromes. For
example, the production of ACTH is more fre-
quently associated with small cell than with squa-
mous carcinoma of the lung.'3 In addition, ectopic
hormone production varies from common (in the
case of chorionic gonadotropin) to very rare or
unknown (in the case of thyrotropin). Further
evidence for the selectivity of derepression comes
from experiments with neoplasms in animals,
which may be characterized by the presence of
RNA species not found in the normal, differenti-
ated tissue as well as by the lack of RNA species
which are normally present. In this regard, it
should be recalled that no neoplasm of a non-
endocrine organ has been shown to produce a
steroid hormone de novo,50 although some neo-
plasms can aromatize C19 precursors to estro-
gens." The latter ability is possessed by the
normal placenta.'2 Perhaps the complex series of
steps that de novo steroid hormone synthesis re-
quires is beyond the scope of even a selective
derepression. Moreover, with the exception of
prostaglandins, all substances known to be pro-
duced by neoplasms and to give rise to hormonal
effects are proteins or peptides.4 Hence, derepres-
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sion appears to be concerned principally with the
synthesis of peptides.

Closely related to the concept of derepression
is that of dedifferentiation. Dedifferentiation
could involve arrested differentiation, which may
be exemplified by teratomas, as well as unbalanced
retrodifferentiation, for which there is little direct
evidence. Arrested differentiation is sometimes
referred to as "blocked ontogeny," but this term
implies an abnormality in embryologic develop-
ment. Congenital neoplasms such as Wilms tumor
may be examples of the latter mechanism, but it
would be imprecise to refer to a cancer in an
elderly person as being the result of blocked
ontogeny.

In addition to dedifferentiation of a cell, one
must consider dedifferentiation of a tissue.7 This
concept holds that a tissue may be composed of
cells in various stages of differentiation. The less
differentiated cells may proliferate in a neoplasm
of that tissue, leaving the impression that all the
cells had dedifferentiated. Evidence for this con-
cept comes from the finding of minute amounts
of chorionic gonadotropin'19 and of placental
lactogen (chorionic somatomammotropin) in nor-
mal testes. The appearance of large amounts of
these hormones in the presence of testicular neo-
plasms might be caused by proliferation of the
hormone-containing (and presumably hormone-
producing) cells, rather than by dedifferentiation
of cells which did not contain the hormones under
normal conditions.7 Chorionic gonadotropin may
also occur in the nonmalignant pituitary and other
tissues,170"7' raising the question of whether its
presence is characteristic of malignant cellular
proliferation or of proliferation in general.' 4"170"172
The latter possibility seems analogous to the
presence of minute amounts of carcinoembryonic
antigen in normal gut secretions and its increase
in inflammatory bowel diseases, or to the appear-
ance of a-fetoprotein in the circulation during
recovery from hepatitis. There are reports of
chorionic gonadotropin becoming transiently de-
tectable after a surgical procedure when it was
undetectable before the operation173 thus suggest-
ing an association with benign proliferation. Of
interest in this connection is the finding of ACTH
(mainly "big") in the nonmalignant but abnormal
lung of a dog exposed to smoke and in patients
with chronic obstructive pultnonary disease.'2 In
addition, plasma levels of ACTH tend to be in-
versely proportional to the degree of differentia-
tion in lung cancer.13 In further support of dedif-

ferentiation of a tissue, is the finding, using the
immunoperoxidase technique, that chorionic gon-
adotropin is present in some, but not all, cells of
testicular neoplasms.174 In addition, when two or
more tumor markers are present simultaneously,
their plasma levels may vary in a discordant
fashion,7 which suggests (but does not prove) that
they are produced by different cell lines which
have different susceptibilities to therapy. However,
these data could be interpreted to suggest that the
neoplasm contained cells in varying stages of
dedifferentiation. Moreover, islet cell carcinomas
may produce chorionic gonadotropin or either
of its subunits, none of which is detectable in
benign islet cell neoplasms.171 This observation
suggests the dedifferentiation of cells rather than
of the tissue as a whole.
A further complication is introduced by the

possibility that malignant cells may induce sur-
rounding cells to differentiate along lines they
normally would not follow.175 Conceivably, the
latter cells might give rise to some paraneoplastic
syndromes. Messenger RNA from a human neo-
plasm can induce in amphibian ova the synthesis
of a polypeptide which reacts with antibodies to
both calcitonin and carcinoembryonic antigen.'-,
If this observation can be confirmed, it suggests
that neoplastic cells may produce, or induce sur-
rounding cells to produce, pluripotential prohor-
mones, which are converted to various hormones
depending on the enzymatic content of the cell in
question.17; Tumor-host cell hybridization may
occur in vivo and is demonstrable in vitro.'77 Such
hybrids may produce gene products of either
parent cell as well as gene products not present
in either parent cell.' 7 Hybridization might pos-
sibly explain some paraneoplastic syndromes, as
well as the mixture of histologic patterns present
in some neoplasms'77 or perhaps some instances
of drug resistance. Most intriguing is a report that
bacteria isolated from patients with cancer appear
to contain (and perhaps synthesize) a protein
resembling chorionic gonadotropin.178 The rami-
fications of such genetic exchange remain to be
explored and verified.

Attempts to explain why certain neoplasms are
more likely to be associated with certain syn-
dromes have involved classifications based on the
presumed embryologic origins of the neoplasms.
Pearse and others '710"11'79 developed the impor-
tant concept of the APUD system of cells, which
share the attributes of amine content, amine pre-
cursor uptake and decarboxylation. These cells
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share histochemical and ultrastructural charac-
teristics and include the anterior pituitary, auto-
nomic neurons, adrenal medulla thyroid C-cells,
islets, and bronchial and gastrointestinal endo-
crine cells. It was thought that they also shared
a neuroectodermal origin. However, it now ap-
pears that the islet cells and the bronchial and
gastrointestinal endocrine cells are probably of
endodermal origin.180 The parathyroid glands may
be of neuroectodermal origin but do not share
the APUD characteristics.180 It is tempting to as-
sume that, for example, small cell carcinoma of
the lung arises from bronchial endocrine cells
and, hence, may produce anterior pituitary hor-
mones.7I However, the origin of small cell carci-
noma has been disputed;'3'8' even if it does
originate in the bronchial endocrine cells, these
cells probably do not arise from the same germ
layer as does the anterior pituitary.'80 Moreover,
*ectopic production of parathormone has been
reported in neoplasms of all three germ layers.2'5-9
Hence, attempts to correlate ectopic hormone
production with embryologic origin have not yet
been uniformly successful, particularly when one
considers that a single neoplasm may produce up
to eight hormones.2

Immunologic mechanisms may be related to
some paraneoplastic syndromes such as hemolytic
anemia, nephrotic syndrome, and some neurologic
manifestations.4"82-'84 Several relationships are
possible. The immunologic disorder and the neo-
plasm may occur together by chance; aging is
accompanied by an increasing incidence of both.
The neoplasm may expose new or previously hid-
den antigens such as mucin in enteric cancer or
casein in breast cancer.'85 These "forbidden con-
tacts" may evoke immune phenomena.'84 On the
other hand, the immunologic abnormality may
predispose to the development of a neoplasm, as
is the case with immunosuppressive therapy. Fi-
nally, the immunologic disease may be a tempor-
arily successful host defense against the neoplasm,
with cross-reactivity against normal tissues;'84
ulcerative colitis and Hashimoto thyroiditis are

possible examples of this mechanism, but direct
evidence is lacking.

Another mechanism which has been suggested
is random peptide synthesis-that is, that neo-

plastic cells assemble amino acids at random,
sometimes producing a functional peptide by
chance. It is most unlikely that neoplastic cells
could fortuitously synthesize enough of even a

small peptide to have a clinically apparent effect.

In addition, if this mechanism existed, one would
expect to find peptides with biologic effects similar
to those of existing hormones, but which differed
substantially from them in amino acid sequence.
Such peptides have not been found.
The production of chorionic gonadotropin

merits further comment, in that it may shed light
on the "fetal" nature of neoplasia. When only
insensitive assays were available, this hormone
was detected in patients with trophoblastic disease
and germinal neoplasms, as well as in pregnancy.
As more sensitive assays were employed, chori-
onic gonadotropin was reported in association
with a variety of neoplasms."8" When still more
sensitive assays were used, the hormone was found
in association with many, and perhaps even all,
neoplasms." 4 The synthesis of each subunit ap-
pears to be under the control of a separate gene.187
The a subunit is virtually identical in chorionic
gonadotropin and in follicle-stimulating hormone,
luteinizing hormone and thyrotropin, whereas
each hormone contains a distinctive /3 subunit." 4

These facts only partially explain why neoplasms
are so often associated with chorionic gonadotro-
pin and so rarely (if ever) with the other three
glycopeptide hormones."4

The association of chorionic gonadotropin and
other "embryonic" proteins with neoplasia is
fascinatingly (and perhaps embarrassingly) remi-
niscent of Beard's "trophoblastic theory" of
malignancy, which dates to 1902188 and may have
been based on still earlier work of Conheim.
Beard held that "wandering germ cells of early
life could later be activated to divide and produce
trophoblast cells which, outside the canalization
of pregnancy, are the malignant cells." It is no
longer believed that all cancers are derived from
such cells. Recent data regarding chorionic gona-
dotropin, however, suggest that many somatic
cells-and perhaps all which are capable of rep-
lication-carry within their "genetic library" the
information needed to reactivate embryonic mech-
anisms and, under proper conditions, to produce
a neoplasm.
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